ABSTRACT: Vegetables are valuable source of vitamins, minerals and fibers important for healthy human nutrition. However, an increased level of heavy metals in vegetables has been noticed in recent years. This study was conducted with an aim to analyze content of heavy metals, cadmium (Cd), lead (Pb), and chromium (Cr) in 11 vegetable species which are the most common in human diet. Vegetables were collected from three green markets (Limanska, Futoška and Riblja pijaca) in Novi Sad, during September and October, from 2009 to 2011. Heavy metal contents were analyzed in edible parts of tomato, potato, spinach, onion, beetroot, parsley, parsnip, carrot, cauliflower, pepper and broccoli using atomic absorption spectrophotometer (Varian, AAS 240FS). The results showed statistically significant differences in element concentrations among analyzed vegetables. In general, the highest metal pollution was observed in the year of 2011. Spinach was found to contain the highest metals content -0.89 μg/g for Cd, 5.81 μg/g for Pb, and 3.67 µg/g for Cr. According to Serbian official regulations, 18.18% of all analyzed species exceeded maximum permissible level for Cd, 9.09% for Pb, while for Cr these limits are not defined. Elevated content of heavy metals in vegetables might be related to soil contamination, atmospheric depositions during transportation and marketing. Thus, a continuous monitoring of vegetables on markets should be performed in order to prevent potential health risks to consumers.
INTRODUCTION
Vegetables are important source of carbohydrates, proteins, as well as vitamins, minerals, fibers and trace elements which are essential for human nutrition and health. Besides the beneficial effects on human diet, vegetables might contain both essential and toxic heavy metals in various ranges of concentrations (Kastori et al., 1997) . Heavy metals are non-biodegradable and persistent environmental contaminants, with the specific density over 5 g/cm 3 and the relative atomic mass above 40 (Seregin and Ivanov 2001) . The presence of heavy metals such as cadmium (Cd), lead (Pb) and chromium (Cr) in agricultural soils is mostly influenced by anthropogenic activity (Fytianos et al., 2001) . Elevated concentrations of these metals inhibit plant growth parameters including respiration, photosynthesis, water and nutrient uptake, resulting in reduction of plant production (Kastori et al., 1997; Ali et al., 2015) . Vegetables take up heavy metals by absorbing them from soil, as well as from depositions of the air polluted environments, and accumulate them in edible plant parts. In recent years, an increased level of heavy metal contamination in vegetables has been noticed, which might have major implications for human health (Arora et al., 2008; Pan et al., 2016) . Elevated concentration of toxic elements are result of different anthropogenic activities, environmental pollution from industrial emission, utilization of waste water for irrigation, certain agricultural practices, application of nitrogen and phosphorous fertilizers, atmospheric depositions during transportation and marketing, etc. (Sharma et al., 2006; Nikolić et al., 2014) . Continuous consumption of vegetables contaminated by heavy metals may lead to their accumulation in humans causing disruption of numerous biochemical processes, leading to cardiovascular, nervous, kidney and bone diseases (Radwan and Salama 2006; Arora et al., 2008) . The rapid urbanization and industrialization have caused elevation of heavy metals content in urban environments in different developing countries (Radwan and Salama 2006; Sharma et al., 2008; Kiende et al., 2012) . Moreover, increased demands for food encouraged producers to use a variety of cropping practices to achieve higher yields and profit using field or greenhouse cultivation methods. The main source of vegetables are local producers who sell vegetables at green markets, but the data on cultivation, harvest, transport and storage conditions of vegetables is still lacking (Nikolić et al., 2014) . Thus, several studies have been carried out in order to assess the quality of vegetables purchased from green markets, as well as to evaluate potential health risk to local population (Milačić and Kralj 2003; Radwan and Salama 2006; Kiende et al. 2012) . Al-Jassir et al. (2005) and Sharma et al. (2008) have reported the increased levels of heavy metals in vegetables sold in the markets. Therefore, the aim of this study was to analyze heavy metal content (Cd, Pb and Cr) in edible parts of eleven vegetable species purchased from green markets in Novi Sad (Republic of Serbia). The results could reveal a potential risk assessment to consumers and could contribute to preservation of human health.
MATERIAL AND METHODS
During September and October, from 2009 to 2011, samples of fresh vegetables were collected from three green markets in Novi Sad (Limanska, Riblja, and Futoška pijaca). Vegetables which are the most commonly used in human diet in this region were analyzed:
botrytis L.), pepper (Capsicum annuum L.) and broccoli (Brassica oleracea var. sylvestris L.). Vegetable samples (2 kg of each vegetable from each market) were selected using a random sampling procedure, packed into polyethylene bags and transported to the laboratory.
Plant material was prepared for chemical analysis according to standard procedure (Arsenijević-Maksimović and Pajević 2002). Samples were dried at 80 °C, for 24 hours to constant mass and then were powdered in a mixer grinder. The dried samples were measured; 1 g of each vegetable was weighed in three replicates and was heated and mixed with 33% H 2 O 2 . Dry-aching process was performed at 450 °C for 4 hours to complete mineralization, and then, samples were treated with 25% HCl. Total amounts of Cd, Pb and Cr in edible plant parts were determined using flame atomic absorption spectrophotometry (Varian, AAS240FS). The analysis of each sample was performed in three independent replicates.
The obtained data were expressed as mean of three replicates ± standard deviation (SD). Data were subjected to the analysis of variance (ANOVA) and followed by the Fisher multiple comparison test at a significance level of p<0.05. The mean values followed by the same letter within each year of study, showed no significant differences. Total concentrations of Cd, Pb and Cr among analyzed vegetables are presented in Figures 1, 2 and 3 , respectively. These values were compared with MPC values recommended by Serbian legislation, as well as with MPC values allowed by FAO/WHO. The concentrations of heavy metals in vegetables varied from one species to the other and also differ between years. The average concentrations of heavy metals in all vegetable samples were in the following descending order: Cr > Pb > Cd.
RESULTS AND DISCUSSION
The mean concentrations of Cd among analyzed vegetables during threeyear research are summarized in Figure 1 Cadmium is considered to be one of the most abundant and major environmental pollutant and its phytotoxic effect is well established (Ali et al., 2015) . The transfer of cadmium from soil into the food-chain depends on numerous factors, such as the plant species, type and pH reaction of the soil, and type of fertilizers (Suruchi and Pankaj 2011) . In contrast to this work, Radwan and Salama (2006) reported lower range of heavy metals in vegetables sold in markets. They recorded the lowest Cd content in tomatoes (0.005 mg/kg), while the highest content of Cd was registered in cucumber (0.25 mg/kg). Different distribution of heavy metals within the plant was previously reported by Al Jassir et al. (2005) . The edible parts of leafy and root vegetables showed higher potential to accumulate heavy metals in comparison to storage organs and fruits (Sharma et al., 2008) . Cadmium is highly mobile element, thus can be easily translocated to the aerial plant parts (Sipter et al., 2008) . Furthermore, high levels of contamination could be attributed to different factors including the cultivation methods of homegrown vegetables. A field survey by Sipter et al. (2008) revealed significant differences between flooded and non-flooded vegetable gardens. They noticed the highest Cd level in carrot (0.81 mg/kg) in flooded gardens. This is slightly higher in comparison to Cd level in carrot recorded in this work. Lead is one of the most common pollutants in urban area due to the high accumulation via aero pollution and different anthropogenic activity (Sharma et al., 2008) . Results of this survey showed various variations among analyzed vegetables (Fig. 2) . In general, the lowest Pb content was recorded in the second year of research (Fig. 2) , while consistent trend between species was not evident. The average of Pb in all analyzed species was above the maximum permissible levels of 0.3 mg/kg permitted by FAO/WHO in every year of research. Results of this work are in line with previous studies. Kudirat and Funmilayo (2011) found that Pb and Cd levels in spinach and tomato were 10 and 2-fold higher than MPC in comparison to Serbian regulations. Similar to this work, Fytianos et al. (2001) found the highest Pb content in spinach (0.46 µg/g dry wt.). At the same time, authors observed the lowest Pb content in carrot (0.07 µg/g dry wt.) which is contrary to our findings.
Higher lead concentration in studied vegetables may be attributed to increased air pollution. Previous studies showed that lead contamination in vegetables was significantly increased in the urban environment, near highways and streets, as well as during transportation and marketing at green markets (Fytianos et al., 2001; Hough et al., 2004) . Therefore, vegetables sold in markets should not be allowed to grow on localities with high traffic. Furthermore, Wierzbicka et al. (1995) mentioned that a large number of plants usually had ability to accumulate large amounts of lead without visible changes in their appearance or yield. According to MPC values in Serbia (Tab. 1), permissible level of Pb was elevated only in the year of 2011 in tomato (3.53 µg/g), pepper (3.26 µg/g) and spinach (5.81 µg/g). These results could be explained by different cultivation conditions, soil properties, and genotype related specificity of the heavy metals uptake and accumulation. Chromium is essential micronutrient for plants, but in high concentration it could be toxic for plants, animals and humans (Chen et al., 2014) . Besides the positive effects of chromium for human diet, especially in carbohydrates metabolism, FAO set up the limits for Cr content in vegetables, while such regulations in Serbia are still lacking. The content of chromium showed variations between vegetables (Figure 3) . Within selected vegetables, the highest content of Cr was found in spinach (3.67 µg/g in 2011, 1.74 µg/g in 2010), whereas in the year of 2009 the highest Cr content was recorded in potato (1.67 µg/g). In general, Cr content was within acceptable level recommended by the FAO/WHO. Exception was spinach, which showed exceeded MPC values in the last year of study (3.67µg/g). Furthermore, 50% of analyzed vegetables showed increased Cr content in 2011, in comparison to previous years of research. Chen et al. (2014) recorded the elevated content of Cr in leguminous vegetables (horsebean 10.64 µg/g, and garden pea 7.51 µg/g), while in spinach Cr content was 0.24 µg/g. Authors indicate that leguminous vegetables showed a greater ability to accumulate Cr, in comparison to leafy vegetables which showed tendencies for higher concentrations of Cd and Pb (Chen et al., 2014) . Intake of heavy metals through the soil-crop system has proven to be the dominant route of human exposure to heavy metals (Kastori et al., 1997) . Toxic effects of these elements are evident in concentrations higher than physiological demand of plants and pose a potential threat to human health. Therefore, the data on distribution of heavy metals in edible parts of plants have a great practical importance in preservation of human health, considering the role of vegetables in human diet. The contamination levels of selected vegetables determined in this study were generally comparable with previous studies (Radwan and Salama 2006; Sharma et al., 2008) . Results obtained in this work suggest that different vegetables may accumulate different heavy metals in various ranges of concentrations. This might be related to different uptake capacity of vegetables for different heavy metals through roots, and their translocation to above ground plant parts (Kihampa et al., 2011; Ali et al., 2015) . In general, spinach showed the highest heavy metal pollution among selected vegetables. The possible reason for this can be the large vegetable surfaces and morpho-physiological characteristics (Singh and Kumar 2006) . In respect to elevated heavy metal amounts, spinach was determined as good source of essential mineral elements potassium, phosphorus, magnesium and calcium (Nikolić et al., 2014) . Elevated heavy metal levels in plants are probably caused by several factors, but it is generally accepted that the metal concentration in soil is the main reason for heavy metal contamination of vegetables (Naser et al., 2011) . Besides the cultivation methods, the non-regular use of fertilizers and quality of water used for irrigation could contribute to elevation of toxic elements in vegetables (Asdeo and Loonker 2011). Most heavy metals are soluble in water, thus they could reach to vegetables through irrigation with polluted water (Suruchi and Pankaj 2011) . Moreover, air pollution may pose a threat to post-harvest contamination of vegetables during transportation and marketing, causing increase of the heavy metal levels in vegetables (Kudirat and Funmilayo 2011) . Reduction in heavy metal concentrations in vegetables after washing further suggests that atmospheric deposition on vegetables during marketing is one of the major source of heavy metal contamination in urban areas (Divrikli et al., 2003; Sharma et al., 2008) .
CONCLUSION
The present study provides data on heavy metal pollution of vegetables purchased from green markets in Novi Sad. Besides the positive effects on human health, spinach has shown the highest potential for heavy metal contamination among analyzed species. Further analyses should be performed, in order to provide production of safe, healthy food. Also, appropriate precautions should be taken during the transportation and selling vegetables at markets.
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